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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHENICAL NOTE NO. 1208

INVESTIGATION OF STABILITY AND CONTROL CHARACTERISTICS
CF AN ATRPTANE MODEL WITH SKEWED WING IN THE
LANGIEY FREE~FLIGHT TUNNEL

By Johmn P. Campbell and Eubert M. Dirake

SUIMARY

An 4nvestigation to determine the stability and control char-
acteristics of an airplane model with a skewed wing has been made in
the Langley free~flight tunnel. The wing of the model was pilvoted
in such a way that it covld be rotated as a unlt with respect to
the fuselage so that one side of the wing was swept forward and
the other side swept back, With an arrengement of this type the
wing of an airplane could be set at right engles to the fuselage

> take-off, landing, and low-speed flight and could be rotated
to some larze angle of skew to. permit flight at high espeeds. .= -

In the investigation, flicht tests, force bests, and ézmping-
in-roll tests were made on the modsl wlth the wing set at angles
of skew from 0° to €0°. This investigstion was of an exploratory
neture and was intended to provide only & preliminary and qualita-
tive ind_tcation of whether such a design could be flown.

The results of the investigation indlcated that it was
possible to skew the wing as a unit to angles as great as 4o
without encountering serious stebility and control diffioul‘bies.

At en angle of skew of 60°, however, the alleron control became

. vnestisfactorily wesk. The aileron rolling efTectiveness was not
reduced by slrewing the wing from 0° to 40° because the damping in
roll decreased approximately the seme amount as the alleron rolling
moments. The force tests showed that for a skew angle of L40° the
allerons produced large pitching moments, but in the flight tests
no pltching tendencies were observed in aileron rolls, apparently
because the 1ift Porces on the wing produced by rolling introduced
pitching moments that were ecual and opposite to the aileron pltching
moments. The model did not exhibit the undesirebly large variation
of effective dihediral with 1lift coefficlent that is characteristic
of wings with large amounts of sweepback or sweepforward. Skewlng

the wing as a unlt, however, did introduce large changes in lateral
trim which varied with 1ift coefficlient and skew angle,
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INTRODUCTION

Theoretlcal and experimental investigations have shown that
compressibility effects on a wing can be delayed by sweeping the
wing forward or backwerd. In order to c¢hbtain & larpe increase in
the Mach number at which compressibllity effects occur, the use of
angles of sweep of L40C or more 1s necessary, but these large angles
of sweep Introduce serious stability and control problems at
moderate and high 1ift coefficients. For exmumle, large angles of
sweep produce undesirably large varlations of offective dihedral
and pitching-moment cosfficient with 1ift coelficient. Also a
rapld incroase in drag occurs at moderate 1lift coefficients which
is detrimental to taks-off and climb performanice end which compli-
cates the landing probloem.

In ordor to gain the advantages ofsween at high spesds without
experiencing the difficulties introduced by swoep at:low speeds, it
has been proposed that an alrplane be equipped with a wing pivotally
attached to the fuselage.so that 1t can be set at right anglea to
the fuselage for teko-off, landing, and low-speed flight and at
some anglo of sweep for flight at hizh speeds. In one suggested
deaign the wing 1s skewed or pivoted as a unlt so that one side
of the wing is swopt forward and the cther slde swept back. In
order to ascertaln the low-speod stabllity and control character--
igtice of such a design an invostigation has beon conducted in the
Langley froo-flight tunnecl. This investizption comsisted in flight
tosts, force tosts, and demping-in-roll tests of a meodel oquipped
with a pivoted wing that could be set at variovs anglos of skow
from 0° %o 60°.

This investigation was of an exploratory neture and was intoended
to provide only a preliminary and qualitativo indication of whethor
such a deslign could be flown. No attempt is theroforo mzde in this
papor to glve.a complote end comprohonsive discussion of tho sha- .
bility end control probloms involved in skowed-wing designs. Tosts
at higher scalo of skewod-wing modols more ropresontative of high-
speood airplanc dosigns will probably be noedod hofore an accurato
and dotaliled snelysis can bo-mede of the stability and control
characteristicas of thils typu of airplano, .

SYMBOLS AND COEFFICIENTS

The forces and coofficients were moasurcd with roferonce Lo tho
stability axos. A diagram of these axes showin: tho positive dirve-

tions of forcos and mcmonts is proscnted as figuro 1, wvhich shows tho -

ving in the eymmetrical (unskowcd) condition. TFor slowed condition
the axes are deborminod by the fusclage rathor than by tho wing.
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CY lateral-force coefficient = = e)
@
s wing area, saquare feet o ' _ LTz
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b span of unskewed wing, feet
qQ dynamic pressure, pounds per square foot (%pva)
v alrspeed, feet per second
o) mass density of alr, slug per cubic foob o o
B angle of sidesglip, degroes o
i angle of yaw, degrees; for force-test data squals =B
¢ skew angle (angle through which wing is rota'bed with rospec'b
to the fuselage), degrees
Sa alleron deflection, degrees - o
Be elevator deflection, degrees . o T T T
8. rudder deflection, degrses

A

angle of roll, degrees . T
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o angle of atback, degrees
X longltudinael. axls
Y lateral axlno
Z noxmal axls
kg radius of gyration of model about X-axis, feeb
kZ radius of gyration of model about Z-axle, feeb . -
pb
e aileron-rolling—effectiveness factor or helix angle
generated by wing tip in roll, radians
P rolling angnlar veloclty, radians per second
CZ offectlive-dihedral. parameter; rate of change of'rolling- .
B nmoment coefficient with angle of sideslip, per
degree (BCZ/Bﬁ)
C directlonal-gtabllity parameter; rate of change of yawing-
nﬁ moment coefficlent with angle of sideelip, per
degres (oc [BB)
Cy damping-in-roll parameter, rate of change of rolling-moment -
Ly coefficient with rollinﬂ-angular-velocity factor
acz_ | .
%

APPARATUS AND MOTEL

The Tlizht tests and force tests were conducted in the Langlsy
free-flight tunnel, a camplete descrilption of which is glven In
reference 1., A photograph of the tunnel test soctlon with the
model in flight 1s presented as figure 2. 411 force tests were
made on the free-flight-tunnel balance (reforence 2) which measurcs
forced and moments about the sbabllity axes,

The valves of the damping-in-roll derivative Czp wvore

determined by rotatlion tests in the Laneley 15-foot froe-spinning
tunnel by the msthod descrlbed in referenco 3,
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A sketch of the model used in the tests is presented as
figure 3, and a photograph of the model is presented as figure__ly
The model fuselage consisted of a boom on which wes mounted the
rotatable wing end fired horizontal and verticel tails, The wing
wag8 nounted by a pivot at the 50.percent-cheord point so that it
could be skewed to eny angle up to 60°. In all tests the wing was
skewed so that the right side wes swept back and the left eide
svept forward, as shown in figure 3. The dimensicnal and mess
characteristics of the model are given in table I,

TESTS

Force tests were masde to determine the static stablility and
alleron control cheracteristics of the model with skew angles
of. 0°, 20°, 40°, and 60°, Force tests were also madsé to determire
the longitudinal gbabllity of the moldel with horizonbtal tall off -
for skevw angles of 09, 40°, and 609, No control-effectiveness
tests wore made for eleva'bor and rvdﬂ.or. All force tests werse
made at a dynemic pressurs of 1.9 pounds per squdre foot which - _
corresponds to a test Reynolds number of 179,000 at O° skew based
. on the mean aerodynamic chord.

All rolling-moment and yawing-moment data obtalned In the
tests with different skew angles are based on the spsn of the
unskowed wing and all pitching-moment data wure based on the mean
aerodynamic chord of the unskewed wing. All tost data are reforred
to the normal center of gravity et 20 percent of the msan acrodynsmlc
chord of the unskewed wing unless otherwlse notod on the f£igures,
If it 1s desired, the moments can bhe baged on the span and chord

of the skewed wing by using the values given in table I for the o

differont skew angles,

Rotation tosts were made to determine the damping in roll for
‘the model with skew angles .of 0°, £0°, 40°, and 60° at & 1ift
coefficlent of 0,5, All damuinc-in-roll tosts werc made at a o
dynamic pressure of 3.0 pounds per squsrc foot which correosponds
to a Reynolds number of 226,000 at 0° skow. )

Flight tests of tho model with the center of gravity ab

0.20 mean serodynemic chord of the unskewed wing wore mado at a
1if% coofficient of approximately 0.6 .for skew angles of 0°, 10°
209, 309, k09, 50°, and 60°,. In addition, for the same contor-
of- gr‘av:.ty loca‘bion, Plight tests .wore made ovor a lift-coefficiont
renge from 0,3 to 1.0 for 0° and 40® skew, Furthor flight tests
were made with 4O° skow at 1ift coefficients from 0.6 to 0.9, and
the center of gravity was moved successivoly back to 0,25, 0.30,
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and 0.35 mean aerodynamic choré. of the unskewed wlng. In the
£flight tes’os, ‘abrupt deflections of approximately +18° aileron
{total 36 °), +5° rudder, and +5° elevator were used for controlling
the model. FEeference 1l describes the flight-testing technique used
in the Langley free-flight tunnel, .

RESUILS AND DISCUSSION

Force-Test Results

Longltudinal stability.- The results of the force tests made
to determine the longitudinal stabllity characteristice of the
model are presented in flgures 5 to 7. The.data of figure 5 show
that es the ekew angle of the model was increased from 0° to 60°,
the static longitudinal stability (as indicated by the slope of
'bhe pitching-moment curve) progressively decreased until at
60° skew the model was longitudinally unstable at 1lift coeffi~
cien'bs above 0,7,

The data of figure 6 show that with the horizontal tail off
the reduction in longitudinel stablllity with increasing skew was
even more pronownced. A compaerison of the data of figures 5 and 6
indicates that the addition of the horlzontal tall greatly reduced
the variation in longltudinal stability over the 1ift rango for
‘the 40° and 60° skewod wings.

The data of figures 5 and 6 show the expectod reduction in
lift-curve slope with inecreasing skew. The slopes of tho 1ift
curves &are approrximately proportional to the cosine of the angle
of skew.

The Fforce-test data of figure 7 show the longltudinal sta-
bility and trim characteristics of tho model with 40O° sgkew for
the most forward and rearwsrd _center-of-gravity locabions used in
flight tests, Those data show that for the most rearward center-
of -gravity location the model vas either staticelly longltudinally
unstable or gbout neutrally stable over the entire lift-coefficient
rangs.

: Lateral stability,- Theo results of the force tests made to
determine the lateral-stability characteristics of tho model at a
11f% coefficlont of 0,6 at zoro angls of yaw are shown in figure 8.
The offocts of skew on tho directional-stability paramotor Cn‘3

and. on the effective dihedral .parameter Ci g as dotermined by tho

slopes of the curves botween +10° in figure 8 can be sumarized as
followm:

-
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Skew angle an C1g
oo 0.003% -0.0006
hoC .0033 -.0008
60° . .0023 -.0006

The wvalues of Czﬁ for the model are considvorably smaller

than the values normally encountered at a 11ft coofficlent of 0.6
on wings with large anounts of sweephack,

The lateral-~trim changes caused by skeowing the wing fram 0°
to 40° and 60° can be seen from the data for zero angle of yaw in
figure 8 and from the laberal-component data of figures 5 and 6,
The deta of figure 8 for a 1lift coefficlont of 0.6 show that with
increasing skew an increasing positive (right) lsteral force and
an increasing negative (left) rolling moment occurred, Changing
the skew fram 0° to 40° caused a negative (left) rawing moment bub
a further increase in skew to 60° produced a positivo {right) yawlng
moment. The data of flgures 5 and 6 show that the changes in
lateral trim varied considerably with sngle of attack.

If the pivot polnt of the wing were shifted forwerd the change
in rolling moments with skew at low lift coelfficients would be
roduced because the arca of the left winz would be increased with
Increasing skew. - -

. Latoral conbrol.~ The resulte of the force tvsts mado +o
dotermine the aileron effectivencss arc shown in figures 9 and 10.
Thoso results show that the aileron effectiveness in producing
rolling moment was somewhat reducod by skewing the wing o L40°
and was greatly reduced by skewing the wing to 60°. When doflected
the ailorons at the W0° and 60° skew angles also produced sizable
pitching moments. The pitching moment produced by the allerons
was much greater et 409 skow englo than at 60°, apparontly, bocause
ggothe reduced effectiveness of tho ailorons in producing lift at

gkevw.-

The date in figvre 10, which show the indecpondent contribu-
tlons of the right and left silorons to the zerodynamic momomts »
indicato that the left (loading) aileron wes most affectod by skow
angle, and that at 40° and 60° skew its offectivenoss in producing
rolling moment was somswhat less than that of the right (trailing)
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ailleron, This dlfference can be gttributed to the Increase Iin
ving area shead of the tralling alleron,

s

Rotetion-Test Resultse

The regults of the damping-in-roll teste aye shown in flgure 11
together with the rolling effectiveness of the ailerons bazed on
the rolling-moment data of flgwre 9. These data show that the
demping in roll was roduced by skew to such an extent that the
ailerons remained effective to angles of skew greater then LO°.

" The damping-in-roll data based on the projected sgan at each
gkow angle (rather than on the spsn of the wing with O° skew) are
presented in figure 12 for the purpose of campariig the data with
calculations made by the slmple relailon presonted in reference 3.
This figure shows that the demping in roll varlcd approximetely as
the cosine of the skew angle, as would be oxpoctod from the data
of rcference 3 for conventionally swopt-back wings.

Flight-Test Rosults

In tho flight tests of the model with the centor of gravity
at 0.20 mesn serodynamic chord the genoral flight characteristics
were satlsfactory and remainoed ossontially onchenged as the wing
wae skowed from 0° to 4O° by 10C-incroments, With the wing
skowod 50° the flight chavacteristics of ‘the model were sabtlsfactory
except that the ailoron effoctivoness was noticoably roduced snd
same difficulbty was consequently expericnced in comtrolling tho
model. With 60° gkow the allcron offcctiveness was even furthor
reduced and was inadequete for msintalning susbtained flights of
sufficlent length to pormit Judging tho other stability and control
charactoristice of the model. These flight-test results arc in
agrooment with the Fforce-test rosults of figures 10 to 12 in
rogard to the reduction in alleron effectivencss with 60 _skovw,

No pronounced changes in sbabllity and control wore apparent
with skew anglos up to LO° but sizable changes in lateral trim were
noted. Whon the skew angle was increased from 0° 4o 40° while the
flight 1lift coeffu.cient wag held consbant at about 0.6, useo of a
total of about 17 right aileron trim and 3° rlght rucldor gotting
was necessary to malntain lateral trim, (that is, to koep tho wing
level and the fuselage at zoro sideslip). As tho flight 1ift coef-
ficient was incroasod at 40O° skew, howsver, progressivcely smaller
amounts of alloron and rudder trim were required untll et a 1ift
coefficlont of 1.0 no trim was needed. Those trim changes woro
indicatoed by tho forco-test results of flgures 5, 6, and 8,
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When the skew angle was changed from 0° to 40°, cnly slight
chenges in elevator setting (not over 3°) were required ‘o maintain
the seme flight 1ift coefficient. With 40° skew, however, the
glide~path angle was 2° or 3° higher than with 00 gkew over the
1ift-coefficient range from about 0.3 to 1.0. This result is
substantiated by the force~test date of figurs 5 which indicate
that the drag at 4CO gkew i1s higher than that at 00 skew at a
gilven 1ift coefficient. The force-test results in figure 5 show
that at 11ft coofficients greater than 1.0 the drag at a given
11ft coefficlent (and hence the glide-path angle) for the 40° skow
angle becams increasingly greater than that of the unskewed winge.

In the flight tests of the LO® skewed wing satisfactory flights
wore made over e llft-~coefficlent range from 0.3 to 1.0 with sbtatic
margins (static longitudinal stability) from large values to very
emall velues. The f£flight characterlstics appeared to be slightly -
better at the lower 1ift coefficients.  No pronounced changes in
tho longitudinal stebility characteristica were noted as the
static margin was progregsively dscreased by moving the center of
gravlity from 0.20 to 0.25 end 0.30 mean asrodynanlc chord. With
the center of gravity at 0.35 mean asrodynemic chord, howsver, the
model appeared to be longltudinally unsteble and continuous
appllication of elevator control was requived to keep the model
flying. The force~test date of figure 7 Indicate static lungl-
tudinal instebllity for the foregoing condition.

In the flight teste no pitching motione wlth aileron control
were noted for any skew angle, lift coefficlent, or center-of-
gravity location. This result appears to disagree with the force= ~
test results of figures § and 10 which showed sizable piltching
momente with ailleron deflection for 4O° skew. This apparent
discrepancy is explained by the fact that during a steady alleron
roll, 1ift forces due to rolling are produced which are equal and
oppoaite to the 1ift forces produced by the allerons. These 1Lift
forcos due to rolling produce pltching moments that are equal and
opposlte to the aileron pitching mcments and hence oliminate the
pitching tendencles in a steady aileron roll. No flights were
mede to determine the effects of these aileron piltching moments
in a steady sideslip.

CONCLUSTIONS

The results of the investlgation in the lLangley free-flight
tunnel to determine the stabllity and control characteristics of
an alrplane model wlth a skewed wing are summarized as follows:
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1, In general, the results indlcate that an airplane wing can
bo skewsd as & unilt to angles as greet as L0C without encountering
serlious stability and control dilfficuliies,

2, Longltudinal stability end controls

(a) The longitudinal stability and control charactor-
istics were satisfactory-in flights made with 40° skew over a 1ift-
coefficlent rangs from 0.3 to 1.0 even for very low values of
static margin.

(b) Only a slight change in longitudinal trim occurred
with increasing skew but an apprecleble increase occurred in tho
glide angle required at a given 11ft coefficient.

3. Latoral stability:

(a) The values of effective dlhedral for the wing skowed
as a it wore considerably less than those encountered on wings
with lergo emounts of sweepforward o1 sweepback.

(b) Skewing the wing caused sizable changes in the
lateral trim which varied with 1ift coefficlent and skew angle,

L, Latoral contrél:

(a) The alleron control effcctiveness was only slightly
reducod by skew for angles less than 40° because the damping in
roll detroased gpproximately the same amount as the aileron rolling
moments., At 50° skew, however, tho aileron control effectiveness
was nobticeably roduced, and at 60° it was so weak that sustained
flishte could not bo made. :

(b) The force tests indicated that for 40O skew sngle
the allerons produced large pltching moments. In the flight tests,
however, no pitching tendencles were cbserved in ailleron rolls,
apparently because the 1ift forces on the wing produced by rolling
introduced plitching moments that were equal and opposite to the
alleron piltching moments.

langley Memorial Aercnautical Laboratory
Natlonal Advisory Commlttee for Asronantics
Langley Field, Va., July 23, 1946
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TABLE I

DIMENSIONAT: AND MASS CHARACTERISTICS OF MOIEL USED

Weisht, I1b o 5 o

Wing:

Avea, 8q It o+ »

Sp&n, £t
Oo skew v o 0w
}-I-OO Skew ¢« o o
600 SKew ¢ ¢ o
Mean serodynamic
0° skeWw + o o
gg BkeWw + o »
SKOW « o o
Aspect ratio (0°

Sweepback of 0.25-chord line, deg

Dihedral, de
Taper ratio

IV SKEWED~WING INVESTIGATION

L] L] . »
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Root chord, £t (0° 8keW) « « o » o

Tip chord, £t (0° skew)

Locading, 1b per sq £t
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ICZ,ftvo’o¢

Aflerons:
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Percent S «
Span, percent b
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. s 3-07
¢ e o 200
o s o 070
e« & ¢ '91
- o » l.ll-O
s o 9 600
. ¢ o 300
s s B 0
s e @ 0.50
s e 0.90
o 5 ¥ 0.’-!-5
1.78 t0 1.89
¢« & . 0-625
« « ¢ 0,844
e ¢ & Plain
¥ e e 0.19
T 7
¢« r 2 Ll'l"
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TABLE T

DIMENSIONAL AND MASS CEARACTERISTICS OF MODEL USED

IN SEEWED-WING INVESTIGATION - Concluded

Horizontel Tail:
Area
Sq_ Ft o ¢ o ¢ o« o o
Percent S o« ¢ o« o
Aspect ratio « ¢ o &

Tall length, hinge line to center of gravity, £t

Vertical tall:
Ares
Sg £t ¢ o o s »
Percent 5 ¢ o
Aspect ratio .« &
Tell length, hinge line

[ ] .
L .
o« @

t

L 4
]
]

o cente

- - - -
T o . &

r of gravity, ft

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTIGS
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Fig. 2

Figure 2.- Model with skewed wing flying in Langle

free-flight tunnel.

40° skew.
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Fig. 5
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